INTRODUCTION
For the analysis of a wide range of engine issues, inclusively the engine knock, in nowadays engine development full cycle engine simulation tools (EST) are in use [1] . Meanwhile, in the engine research with relevance to knock the kinetic processes that lead to the autoignition of the end gas are often analyzed by the help of simple zone models. Though these models neglect the influence of turbulence on the autoignition process, they are still very useful in the analysis of the chemical processes that lead to autoignition. The recent engine research brought forward in a number of publications that the autoignition in the end gas of the engine is influenced by the composition of the rest gas, or -if exhaust gas recirculation (EGR) is applied -by the composition of the EGR. Particularly the amount of NO that was formed during one cycle is found to influence the occurrence of autoignition during the next cycle.
Today neither the tools for engine development, nor the tools for engine research are able to fully take such effects into account. This motivates the combination of an EST with a zonal model that is able to predict the composition of the burned gases and the autoignition chemistry, including complicated chemical processes such as the two stage autoignition and the influence of NO on the autoignition.
In this paper we combine the commercial EST (GT-Power) with our in-house code (Ignition) that employs a two-zone model [2] . The developed tool allows engine researchers to take at the same time into account the overall engine and powertrain behavior and the complex chemical processes during the combustion. The current paper is a further development of the homogeneous charge combustion ignition (HCCI) model connected to the EST [3] and the two-zone model as it was developed in [2] . The results obtained by means of the coupled simulations are compared to the experimental data. Finally, the capabilities of the new interface are demonstrated by addressing an issue known to have a strong influence on engine knock occurrence -the nitric oxide content in the cylinder gas charge.
NUMERICAL MODEL Engine data and model
The engine used for the analysis is a single cylinder Ricardo Hydra with a Volvo B230 cylinder head, modified to have a horseshoe shaped combustion chamber for enabling temperature laser measurements. The engine parameters are given in the Appendix. The engine numerical model has been devised using the engine simulation software GT-Power. The fluid dynamic and thermodynamic equations resulting from the engine model are formulated in the form of time dependent finite differences. The layout of the EST model created for the engine studied in this paper is presented in Fig.1 . Standard pipe, connection
8.2.2
and cylinder objects constitute the model. Basically we make use of two models for the incylinder processes. The model in our in house Ignition code is explained in detail in [2] . The model applies the Wiebe function to account for the propagation of the flame front. Further heat release from the autoignition process in the end gas is calculated by means of a detailed kinetic mechanism. From this calculation Ignition provides an overall reaction progress variable (based on the generated heat) that is used by the incylinder model of the EST. The approach did not demand any changes of the EST.
Fig.1 General layout of the test engine modeled with the EST
The detailed reaction mechanism is also used to calculate the chemical processes in the burned gas zone, in particular the formation of NO. In-cylinder processes are described by conservation equations for mass and energy. The mass equation accounts for the changes of the in-cylinder mass due to flow through valves. Also, the standard EST combustion model based on a prescribed burn rate profile (provided by Ignition) is applied by the 1-D code.
Chemical kinetic mechanism
The present chemical kinetic mechanism [4] was compiled from different sources. Some refinements of the mechanisms were necessary. The whole mechanism includes 141 species and 1401 chemical reactions. Emphasis during mechanism development was put on the parts important for the autoignition timing ignition onset: the reactions and on the transition from low-temperature to high-temperature chemistry.
1-D Model and kinetic code interface
As a basis for the realization of the interface, a preliminary created interface for the HCCI combined simulation was used [3] . The connection between the two numerical tools is achieved through the mentioned user combustion model. The original interface was built flexible enough to enable studies for all the engine types, without limitations concerning the type of injection, the fuel mixture or the exhaust gas recirculation (EGR). In order to save computational time, Ignition Code is called only during the closed valves interval. Also, in order to limit the cycles with the detailed kinetic calculation, the flow inside the engine is firstly initialized by means of a user-provided number of cycles, in which only the 1-D model is used.
RESULTS AND DISCUSSION
A comparison with experimental measurements for the knocking cases was carried out in order to test the integrated simulation tool. For the reference case, a stoichiometric composition of the mixture was chosen. Four other lambda cases and one EGR case extend the investigation. Fig.2 present numerical against measured in-cylinder pressure traces. Concerning the combustion period, the autoignition crank angle is accurately evaluated by the numerical code. The slightly higher Ignition-calculated pressure after autoignition can be explained by the only two-zone approach of the kinetic code. This ignores the near wall low temperature, which determines a slightly more reactive system. This drawback is however negligible given the achieved general aim of this paper: to investigate global operation coupled with detailed chemistry, an aim that required a relatively simple model. The heat release curve plotted in Fig.2 clearly indicates the two stages of autoignition. As known in the literature the chemistry related to the first stage of autoignition is involved to a large extent in the knocking phenomenon. Further more, the nitrogen oxides can influence a lot the cool flames chemistry, especially the NO, which -as we will confirm later in this work-plays an essential role in autoignition occurrence. [5] and calculated pressure values near firing top dead center (TDC) and calculated rate of heat release (λ=1).
Fig.2: Comparison between experimental

Fig.3: Comparison between the experimental [5] (diamonds) and calculated temperature for the unburnt zone (kinetic code -dashed line). Solid line represents the EST results assumes only one zone (λ=1).
Figure 3 displays the calculated temperature (dashed line -Ignition, solid line -EST) against the measured one in the near wall unburned region. The kinetic code gives a good estimation of the temperature for the unburnt zone. The EST evaluation on the other hand is also fairly good, considering its only 1-zone assumption that makes sense for comparison only up to little after the spark timing (19 CAD before the firing TDC).
For the consideration of mixture stoichiometry, the air to fuel equivalence ratio (λ) was varied (λ = 1.3, 1.16, 0.83, 0.78) in order to address its influence on the engine performance and combustion behavior. Good pressure fittings were obtained by running with the coupled code for all 4 non-stoichiometric mixtures as well as for the one EGR case. The autoignition onset was predicted with accuracy of 1 CAD for all these cases. Also the indicated mean effective pressure was predicted with 3.4% precision in all investigated cases..
As found in earlier work [2] the nitric oxide is a species holding a main responsibility regarding autoignition occurrence. Therefore we applied the newly created tool in order to obtain confirmation on previous finding. Figures 4 and 5 show the pressure calculated with the combined tool for low, respectively high NO amounts, for the λ =1.0 reference case. The results obtained with different NO amounts from the rest gas within the initial cylinder charge confirmed the trends found in [2] . Low NO content has -up to a certain level-a promoting effect on autoignition (Fig.4) , while increased NO amounts above this critical value inhibit the phenomenon (Fig.5) . 
CONCLUSION
This work presents a new SI engine simulation tool, built by coupling the commercial onedimensional fluid-dynamic GT-Power code and our in-house detailed chemical kinetic code.
The new interface was validated by comparing the numerical results to the experimental values obtained with a single cylinder test-engine. The simulation results obtained with the coupled tool predicted the autoignition onset and the pressure fairly well for mixtures with different stoichiometry and with or without exhaust gas recirculation. Concerning the Indicated Mean Effective Pressure, the numerical results matched the experimental values quite accurately. Therefore it can be concluded that the combined code proves to be a useful and powerful tool in both global and sensitive SI engine analysis.
